The Nokoue Lake is the largest lake of Benin Republic and it is also considered as one of the most productive lagoon ecosystems in West Africa. This productivity is decreasing and thus raises productivity issue for a better management and conservation. Macroinvertebrate can be useful for this purpose. A study was conducted to assess the spatial variation of macroinvertebrates during high flood period. A total of 3892 macroinvertebrates of fresh and brackish water were sampled during the survey. Structural analysis of the macroinvertebrate community revealed that it was made up of 16 orders, 48 families and 66 genera dominated by Insecta compared to Mollusca, Crustacea and the Annelida. Insects were dominated by Diptera (Chironomus sp. and Tanytarsus sp.), Coleoptera (Dystiscidae) and accounted for 57.1% of the sampled population. Mollusca, Crustacea, Annelida and Arachnida were the following most abundant and represented 23.9%, 10.7%, 8.1% and 0.2% of the total population, respectively. The Evenness index of Pielou was higher on the Station 8 (0.91 -0.97), close to Oueme River. However, no significant difference (p > 0.05) was observed neither between station nor between month on the Shannon-Wiener index (2.06 -4.31), Simpson index (0.04 -0.40) and the taxa number (10 -27). Macroinvertebrate assemblages and composition were primarily due to changes in water quality dependent on hydroclimatic changes and probably to anthropogenic actions. This suggests the need for real investigation of the macroinvertebrate biological capacity when formulating conservation strategies for the Nokoue Lake.
Introduction
Water is a natural resource essential for life in any ecosystem and must be of good quality because of the many services it offers (habitat for wildlife and human applications…). The development of human society since the late 19th century led to high levels of pollution in aquatic ecosystems due to agricultural, urban and industrial discharges [1] - [3] which in turn affected the quality of surface waters. These discharges affect the lives of aquatic biota [4] - [6] . Faced to these pollution issues, there is a need to protect aquatic ecosystems and consequently the necessity to monitor the effects of anthropogenic pressure on aquatic ecosystems [7] . Physical and chemical measurements were for many years the most used means for monitoring the quality of the aquatic environment. However, they do not measure the impact of contaminants on biota [8] . Biological methods appear to be an alternative to chemical detection and therefore complement the other methods. The biological approach uses living organisms and has the advantage of being simple and easy to implement. Macroinvertebrates are the most commonly used organisms as aquatic bio-indicators of ecological disturbance because of their ecology, their well-known life history [9] - [11] and easiness of sampling. Macroinvertebrate communities are fundamental to the functioning of aquatic ecosystems due to their importance in organic matter recycling and as essential source of natural food for fisheries [12] .
Despite their roles and their importance above mentioned, there are few studies on the macroinvertebrate communities of Benin ecosystems. Indeed, previous works on macroinvertebrate ecology were mainly carried out by [13] - [17] . Concerning the Nokoue Lake (Ramsar site 1018) the largest Benin continental lake, in terms of its extent, productivity and exploitation which ecological integrity is threatened, only the works of [13] [14] exist. These studies did not address the specificity of flood period structure and composition. Although previous studies have been conducted on this ecosystem, related knowledge of macroinvertebrate are then still fragmentary and need to be update.
Knowledge of aquatic biodiversity of lakes like the Nokoue, in particular of macroinvertebrates through seasonal inventory is useful and important, especially as species distribution is heterogeneous in space and time. This study aimed at providing information on the community structure, diversity and seasonal variation of macroinvertebrates in Nokoue Lake. It will serve as complement for future monitoring of the biodiversity of the lake which might suffer biodiversity loss as an issue of proximity of built up human areas and its role as ultimate natural receptor of the Oueme River, the most important Benin River.
Materials and Methods

Study Area
This study was conducted on Nokoue Lake, located in South Eastern Benin (6˚25'N, 2˚36'E) with an area of approximately 150 km 2 during the dry period. According to [18] it is the largest brackish water area of Benin. It is shallow with a mean depth of 1.5 m and has an average length of 20 km (east-west) and a width of 11 km (north-south). Oueme River, Sô River and Atlantic Ocean are the main ecosystems which flow into the lake. Furthermore, it communicates in the east with another important ecosystem of south Benin, the Porto-Novo lagoon (35 km 2 area). The local climate is sub-equatorial climate i.e. an alternation of two rainy seasons and two dry seasons of unequal durations. It follows a water regime characterized by low flood situation May-June, high flood regime September-November and a dry period December-March). Agriculture, trade, fishing, dumping of industrial and municipal wastes and dredging of sand from the lagoon are the main anthropogenic activities affecting the functioning of the lake. The west and the center areas have a muddy bottom while coastal areas of south and east are sandy [19] . Periodically flood plants exists on water surface, and are dominated by the water hyacinth (Eichhornia crassipes) [14] [18] [20] [21] .
This study was undertaken in eight stations each consisting of 3 sub-stations (Figure 1 ) based on previous studies of physical and chemical characteristics of lake water [14] [21] [22] . Stations 1, 2, 3 and 4 have intermediate salinity. Station 1 was located at the touristic village of Ganvie where population is dense. Station 2 was located near the River Sô whereas Station 3 was a very disturbed site because of anthropogenic actions (dredging). Stations 4 and 6 were located at the middle but the latter has high salinity and take place at the lake-channel interface. Stations 5 and 7 have high salinity but the former was located near the outlet of wastewater and storm water of Cotonou city while the latter is characterized by little open station, near the Atlantic Ocean and high salinity, dredged and very disturbed. Station 8 represents a reference situation with which possible comparison can be made. It was at the western and communicates with Porto-Novo lagoon and Oueme River, a tributary of the lake. 
Sampling and Analyses
Samples were collected in September, October and November 2014 during the high flood period at each of the sub-station of the eight sampling stations. A range of physical and chemical water parameters namely the transparency and the depth (determined with a Secchi disk); salinity, conductivity, temperature, Total Dissolved Solids (TDS) (determined using multiparameter digital meter WTW Cond 3210 SET 1); pH (taken with WTW pH multiparameter digital meter 3110 SET 1) and dissolved oxygen (assessed with YSI field Oxi meter Model 550) were measured in situ.
A kick net (mesh size 0.5 mm) with a 25 cm diameter opening, mounted on a steel shaft of 3 m was used along a transect of 3 m to sample. In addition, samples of 8 root system of Eichhornia crassipes per substations were also made because of its abundance in quiet areas and the density of its root system which can be a favorable habitat for macroinvertebrates [23] [24] .
Samples obtained were carefully washed through a set of sieves of mesh size 0.2 mm in the water of the lake and the retained materiel was bottled and preserved in 5% formalin. In the laboratory, the samples were washed again through a set of sieves of mesh sizes 0.2 mm, 0.5 mm, 1 mm and 2 mm. Organisms were then separated according to their order or class and preserved with 70% absolute ethanol for identification. Macroinvertebrates were identified with binocular dissecting microscope (Jeulin, Model 02010) to the lowest practicable and possible taxonomic level, mostly genus, according to [12] [25]- [31] , and consulting specialists.
The macroinvertebrate assemblage composition was evaluated for each sampling station and sampling occasion using number of taxa (S), total number of individuals, and relative abundance of each taxon. The calculated parameters were used to assess the well-being/ health of the habitats. The diversity of macroinvertebrates was assessed using the Shannon-Wiener diversity index ( H ′ ) as described by [32] with the following formula:
where p i = number of individuals of the taxon/total number of individuals of the sample and log 2 = the 2 base logarithm. The Evenness index (E) [33] was calculated to compare the differences of two stations with different species as follows:
where H ′ is the Shannon-Wiener diversity index and S the total number of taxa. The Simpson index (D s ) [34] allowed knowing the taxonomic richness of the medium [35] . It was calculated with the following formula:
With n i = the number of species in the sample and N is the total number of individuals.
Statistical Analysis
Physicochemical parameters were expressed as means ± Standard Deviation for each station. Before performing the comparison test, the normality of data was checked by the Ryan-Joiner test using Minitab (16 Fr) software. Kruskal-wallis's test was performed to determine any significant differences between stations for each parameter at the significance level of 5%. Man-Whitney's test was done in order to separate the stations that differed significantly from one another. Community indices listed above were used to compare dominance, richness, diversity, and evenness of macroinvertebrates between stations. Data analysis was done using Statistical Package for Social Sciences (IBM SPSS Statistics version 20).
Results
Environmental Variables
The summary of means values obtained per station for environmental variables is presented in Table 1 . Environmental variables such as transparency, depth, temperature, pH, salinity, conductivity and TDS exhibit all significant difference between the sampling stations, while no significant difference was observed for dissolved oxygen. Analysis showed three homogeneous groups for depth with the Station 8 having the highest mean value. The same station has the lowest temperature value (28.52˚C 
Macroinvertebrate Taxonomic Composition
The macroinvertebrate taxa found in Nokoue Lake are presented in Table 2 and the relative abundances of different groups in general and per station are presented in Figure 2 and Figure 3 . A total of 3892 macroinvertebrate specimens were collected during the survey. These organisms belong to three (03) phyla (Arthropoda, Coenagrionidae (Enallagma sp.), Ceratoporinidae, Naucoridae (Ilyocoris sp.) only at Station 2; Driopidae (Dryops sp.) and Belostomatidae (Apassus sp.) collected only at Station 3 like Tabanidae and Isotomidae collected at Stations 6 and 7, respectively. Insects were most abundant at Station 1 (77%), Station 2 (58%), Station 3 (73%), Station 4 (80%) and Station 8 (59%) where the salinity is closed to zero, while Mollusca were most abundant at Stations 6 and 7 with non-zero salinity. There was also a dominance of Annelida at the Stations 6 and 7 related to the abundance of Polychaeta while for other stations, Annelida are mainly represented by the Oligochaeta. Table 3 shows the monthly distribution of taxa (genera) by stations and some diversity indices giving insight on the structure of the collected macroinvertebrates.
The taxon richness is on average 18 in November and 20 in September. However, there is no significant difference of taxon richness neither between months nor between stations (p > 0.05). During September, diversity was between 3.16 (Station 1) and 4.17 (Station 3) while the Simpson index was between 0.07 (Stations 7 and 8) 
Discussion
Water Quality Status of Nokoue Lake
The results indicate spatial variation of the water physicochemical parameters of Nokoue Lake during the study period. The physicochemical parameters allow us to know the evolution of the water quality of an ecosystem from upstream to downstream [36] [37]. The depth value deviates from the average value of 1.5 m reported by [38] especially at the Station 8 where unregulated dredging sand of the lagoon is accentuated. Temperature values were high and remain similar to those of previous studies conducted by [22] [39] in the same period. Dissolved oxygen values are lower than those obtained in Tanganyika Lake (6.64 mg•L −1
) by [40] and increase at the stations close to the sea and station 5, as also reported by [14] . The pH averages were consistent with the results of [14] [38] [39] who found a pH between 6.3 and 7.8. The salinity of the Nokoue Lake varies but its attributes were typical of brackish water, similar to [14] [22] [38] [39] findings. The difference obtained between stations can be explained by several factors. Dilution (freshwater inputs from tributaries and direct precipitation) decreases the salinity while tides (saltwater intrusion) via Cotonou channel increase it [22] [38] [39] . These same factors have also been identified as causes of salinity fluctuations in Aheme Lake [41] Epe lagoon [42] and the intertidal zone of the Niger Delta [43] . Conductivity indicates the ability of water to conduct the electricity. It allows assessing very quickly and with approximation the overall mineral content of the water. The proximity of the ocean, high tides, freshwater inflows and salinity are the most important factors determining the conductivity which move in the same direction as the salinity [39] [45] who demonstrated that there is a strong dependence between temperature, the parameters related to the mineralization (pH and conductivity, TDS), the organic load, salinity, transparency and current velocity.
Macroinvertebrates
The main groups of organisms listed in the study were mostly aquatic insects larvae (Diptera, Coleoptera, Ephemeroptera, Heteroptera, Odonata, and rarely Lepidoptera and Collembola), Mollusca (Bivalvia and Gastropoda), Crustacea (Isopoda, Amphipoda and Decapoda) and Annelida (Oligochaeta and Polychaeta). These various listed macroinvertebrate groups are not in contrast with those reported by previous studies in other lagoon ecosystems in southern Benin, Nigeria and Ivory Coast [14] [47] . However, differences remain either in the taxa number or the dominant group between these results and those of the current study. This could be explained by the difference between the scope settings, the sampling period, and environments nature. Indeed, Aby lagoon in Ivory Coast is larger (424 km 2 ) while the coastal lagoon in Benin and Epe Lagoon in Nigeria are less extensive with 52 km 2 and 225 km 2 , respectively. But they share a coastal extent or greater salinity than that characterizing the Nokoue Lake [15] [42] [47] . This therefore justifies the dominance of brackish water zoological groups such as Mollusca, Crustaceans and Annelida (Polychaeta). In ecosystems such as Ologe lagoon and the Porto-Novo lagoon, the insects were noted as dominant but in different proportions or order. That disparity could be explained by the nature of the habitat, the sampling frequency, the duration of the study, the collection method and the scope of the study as mentioned by [46] and when comparing our results to those of [17] and [47] . A strict comparison cannot be made with previous results obtained by [14] in two years which includes 76 taxa (orders, families and genera). Chironomidae (Chironomus sp., Tanynarsus sp., and Polypedilium sp.), Potamididae (Tympanotomus sp., Turitella sp., Pachymelania sp., and Cancellaria sp.), Dystiscidae (Dystiscus sp., Hyphydrus sp. Hydrovatus sp., Canthydrus sp. and Meladema sp.) and Grapsidae (Goniopsis cruentata, Pachygrapsus sp.) are in order, the most abundant families during the sampling period. This distribution is generally one at the Stations 1, 2, 3 and 4 while Potamididae, Ostreidae and Polychaeta are most abundant at Stations 5, 6 and 7. Station 5 was more akin to the latter group. These qualitative findings call for special remarks, some related to morphological and biological traits of organisms, other to physical characteristics of the environment. An aquatic ecosystem which constantly changed and renewed habitat is characterized by the depth, current speed and substrate which change over time and space. It follows a dynamic diversity of this ecosystem [48] . This could explain the highest diversity at Station 8 where the depth, the less muddy substrate and other morphological factors favor the presence of species such as Procloeon sp., Caenodes sp., Cordulia sp., Calopteryx sp., Afronerus sp., Dixa sp., and Meladema sp. The very high evenness (0.91 to 0.97) and very low Simpson's diversity (0.04 to 0.07) reflect a combination of habitat factors that do not favor the strong dominance of any species. In contrast, decomposition of acadjas branches (muddy areas), the shallow depth and the low use dissoved oxygen value could explain the strong dominance of Chironomidae at Stations 1, 2, 3, 4 and 5. This is corroborated by the trend of diversity indices.
This study does not inform about the real biodiversity, of the Nokoue Lake, because of its very specific period. It must therefore be thoroughly over an annually period at least. Indeed, spatial and temporal variation in habitat conditions e.g. flow regime affects movements, composition, diversity and assemblages of aquatic macroinvertebrates [49] - [51] . Nevertheless, during the same period of high flood, macroinvertebrate assemblage changes can be used as biological indicator of water quality of the Nokoue Lake [52] .
Conclusion
Findings of this study illustrate that Nokoue Lake is characterized by a spatial and temporal change of physicochemical parameters. These parameters are dependent on periodic hydro-climatic variations in the lake and human activities. The macroinvertebrates structure of Nokoue Lake varies across stations. The species recorded belong to 16 orders, 48 families and 66 genera and are mostly Insecta, mainly Chironomidae. The macroinvertebrate fauna is mainly freshwater during periods of high water but is enriched with brackish water species during times of low water. Station 8 and stations close to the ocean have presented species of fresh and brackish water respectively. This work therefore provides baseline information for management and conservation of Nokoue Lake, especially during high flood period. However, further investigations should be performed during the same period on a real bio-indicator capacity of macroinvertebrate in order to efficiently monitor Nokoue Lake ecosystem.
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